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Endoscopy of the upper gastrointestinal tract (GIT) is a common medical examination. One of the rare
but serious, albeit fatal complications of gastroscopy is venous air embolism.
We performed a literature search with the keywords ‘‘air embolism’’, ‘‘gastroscopy’’, and ‘‘endoscopy’’.
There were 14 cases of air embolism associated with gastroscopy. The median age was 66 years old
(range 4 months–80 years old). The main presenting symptoms were neurological (n ¼ 9) and respira-
tory compromise (n ¼ 7). The main investigation used for diagnosis were CT (n ¼ 10) and ECHO (n ¼ 6).
The main risk factor identiﬁed was mucosal breach (n ¼ 9). Hyperbaric oxygen therapy was used in four
cases. The mortality rate is 57.1%.
Air embolism is a very rare complication and is often overlooked. Rapid diagnosis is vital for successful
treatment. It should be considered in any patient with sudden onset of severe cardiopulmonary and/or
neurologic decompensation during gastroscopy.
Crown Copyright  2009 Published by Elsevier Ltd on behalf of Surgical Associates Ltd. All rights
reserved.1. Introduction
Endoscopy of the upper gastrointestinal tract (GIT) is a common
medical examination. The complication rate has been reported as
0.00132–0.0032% and mortality rate 0.0061–0.025%%.1 One of the
rare but serious, albeit fatal complications of gastroscopy is venous
air embolism.1
McAree BJ et al. identiﬁed eight cases of air embolism compli-
cating gastroscopy: one intracardiac and seven intracerebral air.22. Case
A 46 year oldwomanwith a bodymass index of 40was admitted
for an elective laparoscopic sleeve gastrectomy. Her postoperative
recovery was complicated by an anastomotic leak and septic shock
requiring two laparotomies and a 6-week admission to the intensive
care unit (ICU). After a 4-month stay she was discharged with two
a chronically gastrocutaneous ﬁstula.spital, Hospital Avenue, Ned-
130 0658.
009 Published by Elsevier Ltd on bTwo months later she was re-admitted for a gastroscopy and
stenting of her gastrocutaneous ﬁstula, which was still problematic
with copious discharge.
She had a routine general anaesthetic and gastroscopy. Whilst
a stent was inserted over the ﬁstula, she became cyanosed and
oxygen saturation dropped to 77% on room air. She was tachycardic
with a pulse rate of 126 and her blood pressure was 126/52. Elec-
trocardiogram showed pulseless electrical activity and cardiopul-
monary resuscitation was commenced. Despite intravenous
adrenaline, her pulse dropped to 34 and oxygen saturations fell to
42%. The transesophageal echocardiogram performed during the
resuscitation showed gas in the cardiac chambers and liver. Fifty
minutes of advanced life support elapsed before the return of
a sinus tachycardia.
She was transferred to the ICU and she was treated with
hyperbaric oxygen therapy (HBO). Despite inotropic support and
artiﬁcial ventilation, she continued to deteriorate. She was
pronounced brain dead after two formal brain stem function
testings.
The post mortem found her death to be due to complications
following cardiorespiratory arrest in association with an air
embolism during the gastroscopy. It was believed that whilst the
stomach was inﬂated with air, the stent slippage may have been
pushed through along the ﬁstulous tract into the abscess cavity thatehalf of Surgical Associates Ltd. All rights reserved.
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shearing of the tissues, and damaging small veins that has allowed
for entry of air into the portal venous system, liver and subse-
quently the heart.Fig. 2. Main presenting symptoms for air embolism.3. Materials and methods
A literature search was performed with the keywords ‘‘air
embolism’’, ‘‘gastroscopy’’, and ‘‘endoscopy’’ fromMedline, Embase
and PubMed databases. We included articles with cases of patients
with gastroscopies complicated by air embolism. We excluded
cases related to other surgical procedures (e.g. Kasai or ERCP) and
colonoscopies.
Patients characteristics (age, gender), risk factors (mucosal breach,
open blood vessels, intestinal varices, invasive procedures during
scope), reason for gastroscopy (hematemesis, dysphagia, other),
gastroscopy ﬁndings and procedures (dilatation, banding, ligation),
clinical presentations (hemodynamic instability, dysrhythmia,
respiratory or neurological symptoms), investigations (chest X-ray
(CXR), computed tomography (CT), echocardiogram (ECHO)), use of
hyperbaric oxygen therapy and outcomes were recorded.
The data was analysed with the Statistical Packages for Social
Sciences program.4. Results
Fourteen patients were included in our analysis, where 13 were
identiﬁed from the literature search. There were seven males and
seven females. The median age was 66 years old (range 4 months–
80 years old).4.1. Outcome
Themortality ratewas 57.1% (n ¼ 8). HBOwas used in four cases.4.2. Gastroscopy
The main indications for gastroscopy were hematemesis (n ¼ 5,
35.7%), followed by dysphagia and stenosis (n ¼ 3, 21.4% for both)
and abdominal pain (n ¼ 2, 14.3%). The main ﬁndings reported
during the gastroscopies are shown in Fig. 1. Of the risk factors
examined, mucosal breach was found to be signiﬁcantly associated
with death (p ¼ 0.032), and has an odds ratio of 14. The main
procedures done were dilatations (n ¼ 4, 28.6%), followed by
biopsies and bandings (n ¼ 2, 14.3% for both).Fig. 1. Main gastroscopy ﬁndings.4.3. Main symptoms for air embolism
The main presenting symptoms are neurological (n ¼ 9, 64.3%)
and respiratory (n ¼ 7, 50%) compromise. This is shown in Fig. 2.
Majority (92.9%) were diagnosed with some form of investiga-
tions, with CT (n ¼ 10, 71.4%) being the commonest form of
investigation, followed by echocardiogram (n ¼ 6, 42.9%) and
chest X-rays (n ¼ 2, 14.3%).5. Discussion
The ﬁrst fatal air embolism during gastroscopy was ﬁrst
described in 1988 by Lowdon in a 4-month old girl.1 Air embolism
in gastroscopy is rare due to the normal bowel mucosa’s effective
barrier, which is not usually apposed to large venous tributaries,
and the low insufﬂations pressure generally used, which escapes
into the proximal or distal bowel.3,4
For air embolism to occur there needs to be a communication
with the vasculature and a pressure gradient favouring the air
passage.5–9 We have shown that the majority (64.3%) of cases had
some form of mucosal breach seen on gastroscopy. When the
gastroscope is operating at its full capacity, air is infused at a rate of
30 mL per second.1 From the literature the volume of air needed to
cause fatal air embolism ranges from 70 to 130 m, if the velocity of
insufﬂations is high.1 Katzgraber et al. showed that overpressures of
up to 45 kPa can be generated in a few seconds if there is no
possibility of air drainage.1 This was thought to be sufﬁcient to
result in a critical air embolism if a connection with the vascular
system exists.1,10 The gas may enter the portal or systemic venous
circulation. It is thought that interruption of the mucosal barrier
allows entry into the oesophageal venous channel.5–8 However,
there are reported cases where there is no known mucosal
interruption.7
Systemic air embolism is rare in gastroscopy due to the hepatic
venous drainage.11 Venous air embolism occurs when the liver is
bypassed.11,12 Air that has gained access to the venous bed enters
the right heart via the portocaval anastomoses, and also via the
liver to a lesser extent.1,7 Arterial air embolism is more uncommon
due to the capillary ﬁltration of the lungs.11,12 Air may enter the
arterial circulation via a right to left intracardiac shunt, intra-
pulmonary shunt, directly crossing the pulmonary capillary bed, or
incomplete ﬁltration by pulmonary capillaries.2,3,7,11,12 Air within
the circulation forms bubbles, impairing circulation and may
render any organ with limited collateral circulation ischemic.7,13
Cerebral air embolism is a common sequelae, with over two
thirds of the literature reporting neurological compromise as the
main presenting symptoms. It is due to massive venous air
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heart (patent foramen ovale is patent in 10–40% of autopsies), or
portopulmonary venous anastomoses (exists in 5.5% of patients
with cirrhosis), or a bronchovenous connection after an alveolar
rupture.3,5,8,9 The air bubbles obstruct the arterial ﬂow, causing
platelet and red cell aggregation, increased capillary permeability,
vasospasm and the subsequent cerebral infarct.8,9 The mechanical
obstruction is immediate and transient.9 Within minutes, the air
moves through the capillary, beds into the venules and is quickly
dissipated.9 This causes vasospasm, vascular dilatation and tran-
sient stasis.9 It also damages the blood–brain barrier, resulting in
cerebral edema.9 Symptoms reported are due to the inﬂammatory
response of the injured epithelium and mechanical obstruction of
the arterioles, leading to ischemia manifesting as altered
consciousness, confusion, personality change, headache, aphasia,
vertigo, focal and sensory motor deﬁcits (usually left-sided hemi-
paresis due to the position for endoscopy), coma, seizures and
death.2,9,11
Intraoperative diagnosis requires a high index of suspicion.4
Over 90% of the cases were diagnosed with either a CT or echo-
cardiogram and only one case was recognised clinically. The clas-
sical signs are inconsistent: cyanosis, a ‘mill-wheel’ murmur and
increased central venous pressure with subsequent hypotension,
tachycardia and cardiovascular collapse.4,14 A recent review found
bradycardia, cardiac dysrhythmia and neurologic ﬁndings to be
more commonly seen.4 Electrocardiogram may demonstrate
ischemic changes (P wave peaking and later ST depression) or
dysrhythmia.4,14 If the gas embolus is large, pulse oximetry may
show desaturation.4 End tidal carbon dioxide (CO2) has been sug-
gested to be more sensitive: small embolus will increase the end
tidal CO2, whereas a large embolus will decrease the value due to an
increase in alveolar dead space.4 Whilst transesophageal echocar-
diogram is the most sensitive, being able to detect bubbles as small
as 20–50 mm, transesophageal Doppler is preferred as it is nearly as
sensitive, is technically easier and less expensive.4 Computed
tomography is reported to be highly sensitive for the detection of
cerebral intraparenchymal gas if obtained early as air is rapidly
reabsorbed from the cerebral arterioles.2,3,5,7
The goal of treatment is to prevent further embolisation.2,7
Insufﬂation should be discontinued and excess gas aspirated.4,11
The patient should be ventilated with 100% FiO2 and tilted 30

or
more to the left (Durant manoeuvre) to direct the gas away from
the tricuspid valve towards the apex of the heart.2,4,7,11,13 The
Trendelenburg position decreases the risk of the embolus travelling
to the head.4 Central venous or pulmonary artery catheter insertion
to aspirate gas from the right ventricle is time-consuming but was
successfully reported by Herron DM et al.4,5,7,13 Other methods
reported include direct aspiration with a spinal needle, open
cardiac massage and cardiopulmonary bypass.4,5 Hyperbaric
oxygen therapy is the deﬁnitive lifesaving emergency treatment for
air embolism as it increases the ambient pressure and oxygen
tension in the blood to provide an oxygen diffusion gradient forcing
oxygen into and nitrogen out of the bubble, thereby reducing the
intravascular bubble size.2,4,5,8,11–13 It also downregulates adhesion
between the endothelium and leucocytes in inﬂamed tissue.13 The
reported mortality rate for untreated patients is >90% but hyper-
baric oxygen therapy has been reported to reduce the ﬁgure to 7%.7
It is beneﬁcial up to 30 h but the best outcome is achieved when
therapy is instituted in the ﬁrst 5 h.5,7,13Prevention of this complication is thought to be achieved with
CO2 and not air insufﬂations for dilatation of the organ.
1 In addition
the risk can beminimised if themaximumpressure is reduced.1 The
use of saline insufﬂations for endoscopy in high risk patients has
also been suggested.4,14
6. Conclusion
In therapeutic gastroscopy, small mucosal tears and positive
pressure gradient increases the risk of air embolism. The quantity,
rate of air insufﬂations and site of entry inﬂuences the symptoms,
prognosis and outcome.1,4,5,7,13,14 As air embolism is a very rare
complication and is often overlooked.1 Prophylactic measure is
important. Rapid diagnosis is vital for successful treatment as it is
often rapidly fatal.1 It should be considered in any patient with
sudden onset of severe cardiopulmonary and/or neurologic
decompensation during gastroscopy.7Conﬂicts of interest
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